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In a recent article [Phys. Rev. Applied 5, 024005 (2016)], Gibelli and coworkers proposed a
method to determine the thermopower, i.e. the Seebeck coefficient, using photoluminescence mea-
surements. The photoluminescence spectra are used to obtain the local gradients of both the elec-
trochemical potential difference between electron and holes and the temperature of the electron-hole
plasma. However, the definition of the thermopower given in that article seems erroneous due to a
confusion between the different physical quantities needed to derive this parameter.
I. INTRODUCTION
The Seebeck coefficient α of a material, also known as
thermopower, is a measure of the magnitude of an in-
duced thermoelectric voltage VTE in response to a tem-
perature difference across that material ∆T . For suffi-
ciently small temperature difference, there is a linear rela-
tion between thermoelectric voltage and the temperature
difference. The Seebeck coefficient is the proportionality
coefficient between these two quantities obtained under
open-circuit condition. It is defined as [1]:
α = −
VTE
∆T
. (1)
Unfortunately, it is not possible to experimentally deter-
mine this coefficient for a single material using classical
electrical measurements: In practice, one can only evalu-
ate the Seebeck coefficient for a couple of materials. The
Seebeck coefficient of a material can thus only be deter-
mine if the Seebeck coefficient of the other material com-
posing the thermocouple is known (see, e.g., Ref. [2]).
Recently, Gibelli and coworkers reported an analysis of
the thermopower induced by a laser beam on a semicon-
ducting material [3]. They proposed to determine See-
beck coefficient from spectrally resolved photolumines-
cence images. To do so, they extract from these images
both temperature and electrochemical potential differ-
ence of the electrical carriers inside the sample. These
authors claim that such technique allows to get rid of
uncertainties linked to classical electrical measurements
as it is totally contactless. In the present Comment, we
show that their study contains several misleading points:
As a result, the quantity derived in Ref. [3] does not cor-
respond to the traditional Seebeck coefficient. In this
Comment, we first demonstrate that the thermopower is
ill-defined in Ref. [3]. Then, we discussed the consistency
of the data used by Gibelli and coworkers.
∗ yann.apertet@gmail.com
II. DISCUSSION
A. On the definition of the Seebeck coefficient
To compute the thermopower of the sample consid-
ered in Ref. [3], i.e., an intrinsic quantum-well structure
of InGaAsP alloy, Gibelli and coworkers use photolumi-
nescence data as both a thermometer and a voltmeter:
For each point of the sample, they gets both the effec-
tive temperature TH, representative of the electron-hole
plasma temperature, and the the quasi Fermi level split-
ting µγ . This latter quantity is particularly appealing
as it represents the internal voltage of the material, i.e.,
the maximum open circuit voltage at the edges of the
sample [4, 5]. This voltage is thus the electrochemical
potential difference between the top of the sample made
of InGaAs and the bottom of the sample made of InP:
The quasi Fermi level splitting µγ might consequently be
considered as an image of the cross-plane voltage. From
these two quantities, Gibelli and coworkers defines the
Seebeck coefficient as:
α =
−−→
grad µγ
e.
−−→
grad TH
(2)
where e is the elementary electric charge. This relation is
supposed to be the local equivalent of Eq. (1). However,
there are several concerns about this direct identification.
First, while one should use the open-circuit voltage, here
Gibelli and coworkers use the variation of this voltage as
they consider the gradient of the quasi Fermi level split-
ting. It is surprising as the physical natures of a quantity
and of the gradient of this same quantity are quite differ-
ent. Secondly, the temperature measurement gives access
to the in-plane temperature gradient. Relating the lat-
eral variation of temperature with the variation of the
cross-plane voltage is misleading as the former obviously
do not give rise to the latter. Note that cross-plane tem-
perature variation is not considered in Ref. [3]. Finally,
the appearance of a thermoelectric voltage under open-
circuit condition is associated with the compensation of
thermodynamical forces: In this case, the electrochemical
potential gradient exactly counterbalances the effects of
the imposed temperature gradient (or vice-versa). This
behavior is a typical illustration of Le Chatelier’s princi-
2ple. In the experiment conducted by Gibelli and cowork-
ers, both gradients do not compensate each other since
they both stem from the laser beam. It thus seems inap-
propriate to consider that the quasi Fermi level splitting
is a thermoelectric voltage.
A possible explanation to the use of Eq. (2) by Gibelli
and coworkers might be its similarity with the classical
definition of the Seebeck coefficient given for example by
Wood:
α =
−−→
grad µ
e.
−−→
grad T
(3)
where µ is the electrochemical potential of the carriers
and T is the local temperature [6]. This hypothesis is
supported by the fact that the authors of Ref. [3] mistak-
enly describe µγ as the electrochemical potential, and no
longer as the electrochemical potential difference, when
introducing Eq. (2) (see also the caption of Fig. 2(c) in
Ref. [3]). However, the comparison between these two
definitions, Eq. (2) and Eq. (3), further questions the va-
lidity of the first of them. Indeed, while Eq. (3) applies
to materials with a unique type of electrical carriers, the
case considered by Gibelli and coworkers involves both
electrons and holes. Unfortunately, the thermopower for
an ambipolar material, i.e., where charge carriers of both
signs are present, is a sum of the relative contributions
of each carrier type weighted by their contributions to
the electrical conductivity σ [6]. As none of these quan-
tities can be determined with the approach developed
in Ref. [3], the traditional definition given in Eq. (3) is
useless here.
Hence, the quantity identified by Gibelli and coworkers
as the thermopower does not correspond to the genuine
thermopower of the studied material. To this extent, the
method presented in Ref. [3] cannot be considered as an
alternative to the traditional techniques for the Seebeck
coefficient determination.
B. On the data consistency
In addition to confusion associated with the defini-
tion of the Seebeck coefficient, it appears that Ref. [3]
contains data inconsistency. It indeed seems that gradi-
ents of both electrochemical potential difference µγ and
temperature TH demonstrate the same orientation when
comparing Fig. 2(c) and Fig. 2(d) of Ref. [3] as these two
quantities possess the same spatial evolution. This fact
is however in contradiction with the slope of the curve
on Fig. 3(a) of that article: Due to identical gradient
orientations, the slope of this curve, and consequently
the Seebeck coefficient, should be positive. This incon-
sistency further questions the validity of the approach
proposed in Ref. [3].
Moreover, the determination of the electrochemical po-
tential difference µγ seems also questionable: The map
of µγ is displayed for a particular example on Fig. 2(c)
of the commented article [3]. Far from the laser beam,
the electrochemical potential difference seems to be sta-
ble with a value around 0.56 eV. Yet, as this part of
the sample should be at equilibrium, one thus expects
the electrochemical potential of electrons and the electro-
chemical potential of holes to be identical, i.e., µγ = 0. It
is unclear if the scale associated with Fig. 2(c) has been
restricted, omitting the lower range of the scale, with-
out stressing this fact or if the electrochemical potential
difference actually does not vanish. In the latter case, it
would suggest that the determination of the electrochem-
ical potential difference µγ might be erroneous.
III. CONCLUSION
In conclusion, the results obtained by Gibelli and
coworkers should be considered with caution as the See-
beck coefficient is ill-defined in their article due to con-
fusions in the definition of this latter quantity. More-
over, some inconsistencies in the data analysis further
cast doubt on the validity of the method described in
Ref. [3].
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